Introduction
============

Cardiovascular disease (CVD) and osteoporosis are common in the population. They are one of the highest causes of mortality and morbidity, which increases with age. In recent years, evidence supporting the relationship between low bone mineral density (BMD) and CVD has been increasing. In studies, it has been reported that arterial calcification could be actively regulated not only with age, but also with biological mechanisms similar to bone formation.[@b1-cia-11-377],[@b2-cia-11-377] Hydroxyapatite is the main component of the bone mineral phase and also a mineral that can be found in the bone deposits of plaques.[@b3-cia-11-377] In addition to this pathophysiological evidence, genetic evidence has also been reported that calcified plaques consist of some bone matrix proteins such as Gla protein, bone morphogenetic protein-2, osteopontin, osteocalcin, and collagen.[@b4-cia-11-377]--[@b7-cia-11-377]

Furthermore, CVD and osteoporosis have some common risk factors. The risk factors include lack of estrogen, parathyroid hormone, homocysteine, lipid oxidation products, inflammatory process, vitamins D and K, similar molecular pathways involved in bone and vascular mineralization, and calcification mechanisms that seem to be similar in vascular structure and bone.[@b8-cia-11-377]

Atherosclerotic vascular disease is more common in women with osteoporosis and osteopenia when compared with women without osteoporosis and osteopenia.[@b9-cia-11-377] An increase in mortality rates related with CVD in advanced ages has been reported for postmenopausal women with low bone mineral content.[@b10-cia-11-377] There is an insignificant increase of myocardial infarction with a rate of 22% in women with low BMD, while there is a significant increase of myocardial infarction with a rate of 39% in men with low BMD.[@b11-cia-11-377]

CVD and BMD were compared in terms of coronary angiography and calcium score in the recent studies.[@b8-cia-11-377],[@b10-cia-11-377],[@b11-cia-11-377] In this study, we aimed to determine prevalence and severity of coronary artery disease (CAD) using coronary angiography and Gensini scoring, as well as to detect its relation with BMD.

Methods
=======

A total of 78 male patients who were admitted to the cardiology clinic with chest pain between August 2014 and January 2015 were included in the study. After coronary angiography, a total of 55 male patients (age; 62.1±7, range 55--83) with CAD were included into the study. Twenty patients with normal coronary angiography and three patients under 55 years of age were excluded. Moreover, female patients, patients under 55 years of age, patients with moderate and severe heart valve disease, decompensated heart failure, those with severe kidney or liver failure, those with any malignancy, patients with hematological diseases, patients who had autoimmune disorder, patients who were taking steroid treatment and patients with vitamin D deficiency (25\[OH\]D levels \<20 ng/mL) were excluded. Risk factor information about the patients was taken through a standardized interview. Diabetes mellitus type 2 diagnosis was made according to World Health Organization (WHO) criteria. Patients with a hypertension diagnosis (whose diagnosis was made by a doctor and/or patients who were taking antihypertensive drug treatment) were recorded.

Height and weight were recorded. In addition, body mass index (BMI) was calculated as body weight (kg)/height square (m).

Ethical approval was obtained from Diċle Uni̇versity Medical Faculty ethics committee for noninterventional studies and voluntary written informed consent were taken for the study.

Coronary angiograms and Gensini risk scoring
--------------------------------------------

Selective coronary angiography was applied to all patients with Judkins technique. Angiograms were recorded in multiple projections with a biplanar digital cardiac imaging system (Philips Integris DCI, Eindhoven, the Netherlands). Cine angiograms were evaluated by two experienced cardiologists. By examining all of the coronary angiograms, the localization and luminal stenosis rate of all coronary artery lesions were identified. According to the American College of Cardiology/American Heart Association (ACC/AHA) lesion classification, at least 50% stenosis in the arterial vessel diameter of any major coronary artery is defined as CAD.[@b12-cia-11-377] The Gensini scoring system was used in defining CAD severity.[@b13-cia-11-377] This method scores the extent and degree of coronary artery stenosis in addition to classifying it. First, in this system, stenosis between 1% and 25% is 1 point, stenosis between 26% and 50% is 2 points, stenosis between 51% and 75% is 4 points, stenosis between 76% and 90% is 8 points, stenosis between 91% and 99% is 16 points, and total occlusion is scored as 32 points. Then, this score is multiplied with a factor that shows the importance of the localization of lesion in the coronary arterial system. For localization, scores are multiplied by 5 for the left main coronary, 2.5 for the proximal left anterior descending (LAD) and left circumflex (LCX), 1.5 for the mid segment LAD and LCX, 1 for the distal segment of LAD and LCX, first diagonal branch, first obtuse marginal branch, right coronary artery, posterior descending artery and intermediate arteries, and 0.5 for the second diagonal and second obtuse marginal branches. After obtaining the Gensini score for the patients with CAD, receiver operating characteristic (ROC) analysis was conducted and the cut-off values were defined. CAD patients were divided into two groups: below the cut-off value and above the cut-off value. The first group was composed of those with mild atherosclerosis (Gensini score \<25 points \[mild CAD group\]) while the second group was composed of those with severe atherosclerosis (Gensini score ≥25 points \[severe CAD group\]), and this grouping is compatible with the literature.[@b14-cia-11-377]

BMD measurement
---------------

A BMD measurement was made on the same day as discharge, to the patients who had coronary angiography and stenosis above 50% in at least one of their coronary arteries. The BMD (grams per square centimeter) measurement was made by using dual energy X-ray absorptiometry (QDR 4500A Discovery, Hogic, Waltham, USA) from the femoral neck and total proximal femoral areas (comprising the femoral neck, greater trochanter, and intertrochanter).

Our patients were older, because of the high prevalence of degenerative lesions in older ages, incorrect measurements may result in the lumbar spine, to avoid possible this situation the BMD measurement was made from the femoral neck. The BMD results of these patients were divided into two groups according to WHO criteria: normal (T score values \>−1.0 standard deviation \[SD\] \[CAD patients with normal BMD group\]) and osteopenia--osteoporosis (T score values ≤−1 SD \[CAD patients with osteopenic syndrome (OS) group\]) for males who were over 55 years of age. The osteopenia--osteoporosis group was composed of those with OS.[@b15-cia-11-377]

Statistical analyses
--------------------

To analyze the study results statistically, SPSS (Statistical Package for Social Sciences; SPSS Inc., Chicago, IL, USA) Windows 13.0 program was used. The quantitative data are indicated as mean ± SD. The Kolmogorov--Smirnov test was used for the compatibility of normal distribution of the data. In the comparison of the groups, the Mann--Whitney *U*-test was used in analyzing nonparametric data, while the Student's *t*-test was used for parametric data. The chi-square test was used for categorical data. Spearman and Pearson correlation tests were used in analyzing the relationship between the Gensini scores and the parameters. The specificity and sensitivity for the Gensini score to evaluate the BMD were determined with ROC analysis. *P*-values, \<0.05 are accepted to be significant for all variables.

Results
=======

Of 55 male patients whose CAD was proven with angiography, 22 (40%) had normal BMD (CAD patients with normal BMD group, age: 61.2±6, range: 55--81) and 33 had (60%) OS (CAD patients with OS group, age: 67±11, range: 55--83).

The demographic data of CAD patients with normal BMD group and CAD patients with OS group are presented in [Table 1](#t1-cia-11-377){ref-type="table"}. Between the normal BMD and OS groups, there is no significant difference according to age, BMI, total cholesterol, triglycerides, high density lipoprotein (HDL), low density lipoprotein (LDL), serum Ca, P, and 25(OH)D levels. Furthermore, these two groups are similar according to hypertension, diabetes mellitus, and smoking.

The results of ROC curve analyses to predict severe and mild CAD based on Gensini score were moderate with area under ROC curve (AUC; 95% CI=0.711 (0.553--0.873) ([Figure 1](#f1-cia-11-377){ref-type="fig"}).

According to the Gensini risk scoring, \<25 is evaluated as mild CAD group (n=12 \[age 61±5, range: 56--73\]) while ≥25 is evaluated as severe CAD group (n=43 \[age 62.4±8, range: 55--83\]). When BMD values are compared between mild and severe CAD according to Gensini scoring, there is a significant relationship between the Gensini score and femur bone mineral density (FBMD) values; FBMD values were detected to be significantly low in the severe CAD group when compared with mild CAD (*P*=0.02) ([Table 2](#t2-cia-11-377){ref-type="table"}).

A significant relationship was detected in correlation analysis between calculated Gensini risk scoring in coronary artery patients and FBMD (*r*=−0.306, *P*=0.04) ([Table 3](#t3-cia-11-377){ref-type="table"}). In coronary artery patients, as Gensini score decreased, FBMD values increased ([Figure 2](#f2-cia-11-377){ref-type="fig"}).

Multivariate analysis was performed to determine the effects of age, BMI, 25(OH)D levels, lipid parameters, diabetes mellitus, hypertension, and smoking on the FBMD, but a meaningful relationship was not detected ([Tables 4](#t4-cia-11-377){ref-type="table"} and [5](#t5-cia-11-377){ref-type="table"}).

Discussion
==========

In our study, osteopenia--osteoporosis incidence increases in CAD patients who have severe CAD, according to Gensini scoring, when compared with mild CAD. The relationship between CAD and BMD has been attempted to be proven by many earlier studies. In a retrospective study with 209 female CAD patients, 78% had low BMD while 26% had normal BMD.[@b16-cia-11-377] In another study carried out in order to detect the relationship between CAD and BMD, an association between osteoporosis--osteopenia and obstructive CAD was found.[@b17-cia-11-377] In a retrospective study involving a total of 2,235 elderly patients, the prevalence of CAD in patients with low BMD was determined to be significantly higher than those without osteoporosis.[@b18-cia-11-377] In a prospective study of women who were 65 years old or above with similar femoral neck BMD, mortality due to CAD was found to be 1.3 times greater when risk factors such as hypertension, diabetes, smoking, older age, and lower physical activity were adjusted.[@b19-cia-11-377] In our study, BMDs especially in the left femoral neck measurements in CAD patients were low, which is consistent with the existing literature.

According to Gensini scoring, which determines CAD severity, in severe CAD (Gensini score ≥25), there was an increase in the osteoporosis--osteopenia rate, while in mild CAD patients (Gensini score \<25) the decrease in BMD was detected to be less. Similarly, in a study with 74 male patients, in which CAD severity was determined by syntax score, severe coronary artery lesions were associated with decreased BMD.[@b20-cia-11-377] In the present study, there was a significant correlation between Gensini risk scoring in coronary artery patients and FBMD; there was no effects of age, BMI, 25(OH)D, lipid parameters, diabetes mellitus, hypertension, and smoking on the FBMD in multivariate analysis. In another study in which a correlation between atherosclerosis and low BMD in male was defined, it was shown that as severity of calcified carotid artery plaque increased, BMD level decreased.[@b21-cia-11-377]

Although many hypotheses were put forward in order to explain the existence of the relationship existing between CAD and osteoporosis independently of aging, it has not yet been fully understood. Despite common risk factors of cardiovascular risk and bone metabolism (dyslipidemia, oxidative stress, inflammation, hyperhomocystinemia, hypertension, and diabetes mellitus), there can be involvement of many biochemical, molecular, and cellular processes. It has been suggested that atherosclerosis may cause osteoporosis due to a decrease in blood flow of the lower extremities that can cause some changes in the metabolism of hip bones.[@b22-cia-11-377] Similarly, in a study carried out, a subclinical CVD association was detected with severe osteoporosis of the hip.[@b23-cia-11-377] It is important that detection of a decrease in total FBMD in our study is similar to these studies.

However, available studies have reported no association between CVD and osteoporosis.[@b24-cia-11-377],[@b25-cia-11-377] In another study, an association between osteoporosis, atherosclerosis, and aging in postmenopausal women and men has been highlighted. Furthermore, when factors like age, smoking, diabetes mellitus, hypertension, and hypercholesterolemia are controlled, these processes are reported to be independent.[@b26-cia-11-377]

Study limitations
=================

The most important limitation of our study is that the sample size of the study is small. Since this research is a pilot study, it needs to be supported through more extensive studies involving a large series of patients in order to establish the relationship between CAD severity and osteopenia--osteoporosis quantity more accurately. In addition, in a younger group of patients with CAD, carrying out similar studies would help determine the relationship between CAD severity and osteopenic syndrome independent of age factor.

Conclusion
==========

We determined a significant relationship between CAD and OS in patients in whom there was no significant relationship between age and risk factors. In addition, according to Gensini score, as the CAD severity increased, BMD level was observed to have decreased; also, we are of the opinion that carrying out this and similar studies will contribute considerably to the literature.
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###### 

The demographic data of normal BMD and osteopenic syndrome groups in patients with coronary artery disease

                                        CAD patients with normal BMD group[\*](#tfn1-cia-11-377){ref-type="table-fn"} (n=23)   CAD patients with osteopenic syndrome group[\*](#tfn1-cia-11-377){ref-type="table-fn"} (n=32)   *P*-value[\*\*](#tfn2-cia-11-377){ref-type="table-fn"}
  ------------------------------------- -------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------- --------------------------------------------------------
  Age, year (mean ± SD)                 61.2±6                                                                                 67±11                                                                                           NS
  BMI, kg/m^2^ (mean ± SD)              27±3                                                                                   28±5                                                                                            NS
  Total cholesterol mg/dL (mean ± SD)   183±42                                                                                 184±33                                                                                          NS
  Triglyceride, mg/dL (mean ± SD)       201±21                                                                                 161±18                                                                                          NS
  HDL, cholesterol mg/dL (mean ± SD)    35±7                                                                                   35±5                                                                                            NS
  LDL, cholesterol mg/dL (mean ± SD)    114±17                                                                                 116±25                                                                                          NS
  Serum calcium, mg/dL                  9±2                                                                                    8.9±2                                                                                           NS
  Serum phosphorus, mg/dL               4.3±1                                                                                  4.4±1                                                                                           NS
  25(OH)D, ng/mL                        38±6                                                                                   35.8±10                                                                                         NS
  Hypertension (n, %)                   20 (83.3)                                                                              21 (65.6)                                                                                       NS
  Diabetes mellitus (n, %)              12 (52, 1)                                                                             13 (38.2)                                                                                       NS
  Smoking (n, %)                        12 (50)                                                                                11 (34.3)                                                                                       NS

**Notes:**

Values are mean ± SD or n (%);

Mann--Whitney *U*-test.

**Abbreviations:** BMD, bone mineral density; BMI, body mass index; CAD, coronary artery disease; HDL, high-density lipoprotein; LDL, low-density lipoprotein; 25(OH)D, 25-hydroxyvitamin D; NS, not significant; SD, standard deviation.

###### 

Comparison of bone mineral density of patients with severe coronary artery disease to those with mild coronary artery disease according to Gensini score

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                            Gensini score \<25[\*](#tfn4-cia-11-377){ref-type="table-fn"}\   Gensini score ≥25[\*](#tfn4-cia-11-377){ref-type="table-fn"}\   *P*-value[\*\*](#tfn5-cia-11-377){ref-type="table-fn"}
                                            (mild CAD group)                                                 (severe CAD group)                                              
  ----------------------------------------- ---------------------------------------------------------------- --------------------------------------------------------------- --------------------------------------------------------
  Age, year (mean ± SD)                     58±3 (55--73)                                                    60±4 (55--83)                                                   NS

  Coronary vessels involved, total number   1.2±0.4 (1--2)                                                   1.8±0.80 (1--3)                                                 NS

  FBMD, g/cm^2^                             1.08±01 (0.92--1.29)                                             0.97±0.1 (0.55--1.23)                                           0.02

  25(OH)D, ng/dL                            37.9±5 (33--50)                                                  37.6±7 (22--60)                                                 NS
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Notes:**

Values are mean ± SD (range);

Mann--Whitney *U*-test.

**Abbreviations:** CAD, coronary artery disease; FBMD, femur bone mineral density; 25(OH)D, 25-hydroxyvitamin D; NS, not significant; SD, standard deviation.

###### 

Correlation analysis between Gensini risk score and age, BMI, coronary vessels involved, FBMD, and 25(OH)D in patients with coronary artery disease

                                            R        *P*-value[\*](#tfn7-cia-11-377){ref-type="table-fn"}
  ----------------------------------------- -------- ------------------------------------------------------
  Age, years                                0.74     NS
  Coronary vessels involved, total number   0.247    NS
  FBMD                                      −0.306   0.02
  BMI, kg/m^2^                              −0.221   NS
  25(OH)D, ng/dL                            −0.226   NS

**Note:**

Correlation test.

**Abbreviations:** BMI, body mass index; FBMD, femur bone mineral density; 25(OH)D, 25-hydroxyvitamin D; NS, not significant.

###### 

Detecting the effect of age, BMI, lipid parameters and 25(OH)D on the FBMD by multivariate analysis

  Model                                  Coefficients[a](#tfn9-cia-11-377){ref-type="table-fn"}   *t*      Sig              
  ------------------------- ------------ -------------------------------------------------------- -------- -------- ------- -------
  1                         (Constant)   1.056                                                    0.282             3.744   0.001
  Age, year                 −0.003       0.002                                                    −0.203   −1.253   0.217   
  BMI, kg/m^2^              0.005        0.006                                                    0.119    0.738    0.464   
  Triglyceride, mg/dL       0.000        0.001                                                    −0.111   −0.298   0.767   
  Total cholesterol mg/dL   0.000        0.002                                                    0.106    0.171    0.865   
  LDL, cholesterol mg/dL    −0.001       0.002                                                    −0.240   −0.475   0.637   
  HDL, cholesterol mg/dL    0.002        0.004                                                    0.085    0.429    0.670   
  25(OH)D, ng/dL            −0.001       0.004                                                    −0.031   −0.168   0.867   

**Note:**

Dependent variable: FBMD.

**Abbreviations:** BMD, bone mineral density; BMI, body mass index; FBMD, femur bone mineral density; HDL, high-density lipoprotein; LDL, low-density lipoprotein; 25(OH)D, 25-hydroxyvitamin D; Std; standard, Sig; significant.

###### 

Detecting the effect of smoking, diabetes mellitus and hypertension on the FBMD by multivariate analysis

  Model               Coefficients[a](#tfn11-cia-11-377){ref-type="table-fn"}   *t*     Sig              
  ------------------- --------------------------------------------------------- ------- ------- -------- -------
  1 (Constant)        0.908                                                     0.043           21.364   0.000
  Smoking             0.066                                                     0.040   0.218   1.657    0.103
  Diabetes mellitus   0.019                                                     0.041   0.062   0.450    0.654
  Hypertension        0.070                                                     0.046   0.206   1.513    0.136

**Note:**

Dependent variable: FBMD.

**Abbreviations:** FBMD, femur bone mineral density; Std; standard, Sig; significant.
